Abstract--Well-crystallized laumontite has been found for the first time precipitating naturally at the earth's surface at temperatures of 89 ~ to 43~ as a component of gray to white coatings and efflorescences on exterior surface and as precipitates on interior fractures of stones and blocks lining Hot Springs Creek immediately downstream from Sespe Hot Springs, Ventura County, California. X-ray powder diffraction, scanning electron microscope (SEM), and electron microprobe analyses show thenardite to be the dominant phase in the exterior coatings, in association with minor microcrystalline (<50/zm) laumontite and gypsum. Macrocrystalline (> 1 mm) laumontite is the dominant phase in interior fracture coatings and is associated with quartz, potassium feldspar, and gypsum. Trace amounts of smectite(?), halite, a mercury sulfide, an iron sulfide, an iron-bearing mineral (possibly an oxide or carbonate), and a copper mineral are also present. Zeolites other than laumontite have not been seen, and carbonate minerals are either entirely or nearly absent. SEM textures indicate nonreactive intergrowths of laumontite, quartz, potassium feldspar, and gypsum. Unbroken laumontite crystals are generally euhedral or have skeletal growth characteristics and exhibit sharp, fresh, non-corroded faces, edges, and corners.
INTRODUCTION
Laumontite was discovered in 1980 at Sespe Hot Springs, Ventura County, California, as macroscopic to submicroscopic crystals associated with neocrystalline quartz, sulfate minerals, and several other minor phases. The mineral occurs in gray to white coatings on exterior surfaces and as precipitates in cracks of stones in contact with waters of the spring-fed stream in Hot Springs Canyon. Virtually all studies of laumontite and its mineral associations are based on products of subsurface processes, resulting from either shallow hydrothermal or deeper diagenetic and metamorphic reactions. Most of those studies are based on relict products exposed to view by erosion and which are manifestly i Printed with the permission of the Director, U.S. Geological Survey.
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Copyright O 1981, The Clay Minerals Society inactive. Even in the few areas where noneroded subsurface occurrences have been studied in detail, uncertainty about whether the diagenetic phases are relict or are products of currently active processes invites debate (Castafio and Sparks, 1974; Merino, 1975; McCulloh et al., 1978, pp. 31-33) . Added to this uncertainty are the inherent difficulties of obtaining trustworthy estimates of in situ temperatures and pressures in deep boreholes and the related problem of collecting undisturbed samples of formation fluids. Interpretations of the physical and chemical significance of the mineral products in terms of subsurface processes are thus weakened even under the best of conditions.
Laumontite is difficult to synthesize in laboratory experiments (Liou, 1971a (Liou, , 1971b because of the apparent sluggishness of the reactions and the "... extreme difficulty of nucleating and growing laumontite" (Liou, 1971b, p. 387) . Successful synthesis was achieved only by the "... decomposition of natural wairakite in the presence of natural laumontite and either H20 (very slow reaction) or 0.25 N NaC1 (slow reaction) solution" and then only at fluid pressures and 353 temperatures exceeding 1000 bars and 250~ (Liou, 1971b, Table 6 ). The conditions apparently required for laboratory synthesis are well beyond the range encountered in most deep boreholes. They are applicable only in the most deeply eroded sedimentary terranes and are therefore not suitable for interpreting most laumontite occurrences.
At Pauzhetka, Kamchatka, "silica gels" are naturally deposited in hot springs and associated streams. Such gets accumulate also in heating radiators that utilize the hot geothermal waters (Lebedev and Gorokhova, 1968) . Electron microscopy and X-ray diffraction analysis of microcrystalline phases separated from gels from the radiators reveal minute crystals identified as "adularia" and "laumontite." These same minerals are said to occur in well cores from beneath the area as secondary minerals in hydrothermally altered dacite tuff at depths of 30-250 m, where NaC1 solutions vaporize at temperatures of 100~176 (Averyev eta/., 1962; Rusinov, 1965) . Critical reexamination of the published X-ray powder diffraction data of Lebedev and Gorokhova (1968) suggests that the identification of part of the crystallites as "adularia" may be in error and raises questions about other aspects of the work, even though laumontite does appear to be present. Barnes eta/. (1978) studied eleven warm springs on South Island, New Zealand. All of the springs are associated either with faults or deeply cut valleys. All of the waters are supersaturated with respect to laumontite and are dilute to extremely dilute in terms of total dissolved species. Noncrystalline siliceous gels occur as precipitates at two of the springs, and Barnes et al. (1978) speculated that the gels might be laumontite precursors. The temperatures of the waters of the two springs precipitating the gel coatings are 52 ~ and 55~ whereas the range of temperatures for all eleven springs of their study is 40 ~ to 65~ No laumontite or other zeolite was recognized as a precipitate from waters of any of the springs studied.
Therefore, any surface occurrence of laumontite where the mineral may be currently precipitating is of extraordinary interest. Despite numerous documented occurrences of laumontite (and wairakite) at relatively shallow depths in geothermal systems, the only occurrence thus far recognized of well-crystallized laumontite precipitating naturally under surface conditions is the one described here.
GEOLOGIC SETTING OF SESPE HOT SPRINGS
Sespe Hot Springs is located in the western Transverse Ranges province of southern California (Figure  1 ), within a region of rugged coastal mountains near the eastern end of the Santa Ynez Mountains at 34~ lat. and 118~ long. The Tertiary strata that constitute much of the western Transverse Ranges (Nagle and Parker, 1971; Chipping, 1972) elongate depositional basin which became disrupted and attenuated by several now east-trending faults during and after deposition (Dickinson, 1969; Nilsen and Clarke, 1975) . Near Sespe Hot Springs, the local base of the sedimentary section has been bared by erosion along the northeast wall of a 900-m deep canyon occupied by Hot Springs Creek. Fossiliferous lenticular beds of marine mudstone of lower or middle Eocene age lie immediately above basal arkosic sandstone and conglomerate. Although Merrill (1954) suggested that the contact is a fault of large displacement, the field evidence suggests, as Givens (1974, Figures 3 and 6) showed, that the Eocene beds are in unconformable and only locally faulted contact with the gneisses and granitic rocks to the northeast. Eocene beds near the contact strike northwest and dip 250-60 ~ southwesterly. Aeromagnetic data suggest that the sediment/basement rock interface dips to the southwest to where it intersects the Pine Mountain fault. The Sespe Hot Springs issue from fractures along or very close to the basal contact at about 845 m above sea level. Four distinct springs issue from restricted fracture openings in steeply dipping, massive, and thoroughly indurated conglomerate and sandstone along the northeastern wall of the canyon. Two additional separate areas of seeping and steaming ground are distinguishable along the northeastern edge of the alluviated canyon floor. The combined flow of the group of springs and seeps has been estimated at 470 liters/min (Renner et al., 1975) , and the temperature of the hottest spring is 88~176 (Waring, 1915, p. 66; Stearns et a/., 1937, p. 125) . The temperature of water flowing from the coldest (and the highest and smallest) spring is 34 ~ 36~ Torrential runoff after exceptionally heavy rains during the winters of 1969, 1979, and 1980 left the floor of the canyon of Hot Springs Creek gullied, nearly bare, and strewn with boulders. Upstream from the springs, Concentrations are in mg/liter except for AI 3 § which is given in molality, and pCO2 which is given in atmospheres.
Hot Springs Creek is normally a small perennial freshwater stream. The steady outflow from the springs is not only hot but also somewhat mineralized, so that for a few hundred meters downstream from the springs the boulders and gravel of the stream bank are partially and unevenly coated above the water level by white to light gray precipitates and efflorescences. The temperature of the flowing water where coatings occur is 89 ~ to 34~ Blue-green algae flourish in the clear, hot stream, except in the immediate vicinity of the hottest spring, where small amounts of hydrogen sulfide bubble forth. The vicinity of the springs is without travertine, siliceous sinter, or a tufa apron. The very localized, partial, and uneven coatings are the only precipitates visible and are the sources of the laumontite and other minerals.
METHODS
Water samples from the hottest of Sespe Hot Springs were collected and analyzed in accordance with the procedures recommended by Presser and Barnes (1974) , involving field determination of pH, alkalinity, sulfide, and ammonia, and filtration, alumina extraction, and acidification. The thermal water was collected in 1977 by R. H. Mariner and W. C. Evans and analyzed by T. S. Presser.
The precipitates, crusts, efflorescences, and crystalline coatings present in and along the banks of Hot Springs Creek were systematically examined and selectively sampled from the hottest spring to a point downstream of the coolest spring where the water temperature is 34~ Hand lens examination of the precipitates reveals a variety of hard and apparently noncrystalline to powdery white crystalline coatings on exterior rock surfaces in contact with the water but projecting above water level, plus coarser and obviously crystalline coatings on incipient fractures in such rocks. These different precipitates were studied by routine optical petrography, X-ray powder diffraction (XRD), scanning electron microscopy (SEM), and electron microprobe techniques. Powders for XRD analysis were sedimented onto glass slides, and diffractograms were prepared using a Picker diffractometer and Ni-filtered CuKa radiation. SEM examination was carried out on samples prepared with a gold-sputter coating using an ISI Super IIIA system equipped with a PGT 1000 energy-dispersive X-ray attachment.
The chemical composition of individual laumontite crystals was analyzed on an ARL-EMX microprobe, utilizing a 15-kV excitation potential at 0.010/zA. Both natural and synthetic standards were used in combination. Oxide proportions were obtained by C. E. Meyer after correction using a modified online data-reduction program (Yakowitz et al., 1973) .
Reaction states were calculated using the equation AGR = RT In(Q/K), where AGR is the Gibbs free energy difference between the actual state of the reaction and the equilibrium state, R is the gas constant, T is the absolute temperature, Q is the reaction quotient, and K is the equilibrium constant, Details of the calculations may be found in Kharaka and Barnes (1973) .
RESULTS
The water of Sespe Hot Springs is dilute and deficient in carbonate species. The largest and hottest of the springs yields water at 89~ containing 1200 mg/liter of the dissolved substances shown in Table 1 . Measured pH is 7.74. Reaction states for the water with respect to selected minerals (Kharaka and Barnes, 1973) are shown in Table 2 . For comparison, equivalent analyses and reaction states are shown in Tables 1 and 2 for two New Zealand springs previously suspected of precipitating a laumontite precursor.
Minute, needle-like, colorless crystals are sparingly present and barely detectable by hand lens examination of white to gray, amorphous-to powdery-appearing exterior coatings on a variety of stones in contact with both air and hot-spring water. More obvious, but much rarer, are macroscopic, colorless to white, stubby prismatic to acicular, crystals of the same mineral lining cracks and fractures in transported blocks and stones of gneiss, granite, sandstone, and mudstone. Such crystals are as much as 4 mm long and occur preferentially in the parts of the fractured blocks that project above water. Both the minute exterior needles and the Well-crystallized fracture coatings occur in growth positions (relative to the present stream level) downstream from the main spring to points where the temperature of the flowing water is 62~ below which the stream-water composition is complicated by both cold and hot tributary sources. Minute laumontite needles have been identified in coatings where the stream temperature is as low as 43~ The very finely crystalline nature of the exterior coatings and efflorescences, and the fact that three or more minerals are generally present, necessitated using XRD analysis and SEM (combined with energy dispersive X-ray analyses) to identify laumontite, thenardite, gypsum, quartz, potassium feldspar, and minute amounts of smectite(?). Other phases seen in trace amounts in some samples are halite, a mercury sulfide, an iron sulfide, and an iron-bearing mineral that is possibly an oxide or carbonate. Representative XRD patterns of laumontite, thenardite, and gypsum are shown in Figure 2 .
In addition to aiding in the identification of both major and minor minerals, SEM studies also provided textural evidence regarding the stability of the principal minerals. Unbroken, coarsely crystalline laumontite that coats fractures exhibits both euhedral and skeletal growth forms with sharp, noncorroded crystal faces and edges ( Figure 3A and 3B). Laumontite in external coatings forms minute (<50 p,m) euhedral prisms associated intimately with thenardite and rare gypsum ( Figure 3C ), whereas laumontite in fractures is intimately associated with neo-formed quartz ( Figure 3D ), rare gypsum ( Figure 3E ), and potassium feldspar (Figure 3F) . The only occurrences of macroscopic laumontite recognized thus far are from fractures in stones that are in contact with hot-spring waters. The euhedral laumontite prisms that occur in thenardite-rich external coatings ( Figure 3C ) are clearly a product of the sulfatebearing water. SEM textures indicate nonreactive intergrowths of laumontite, quartz, potassium feldspar, and gypsum. Gypsum is not a common companion of subsurface laumontite. SEM analyses also show that neither carbonate minerals nor zeolites other than laumontite are present, an observation that is important to the understanding of the origin and paragenesis of laumontite elsewhere. The chemical characteristics of the water are compatible with the mineral paragenesis. Calculations (Table 2) indicate that the water is supersaturated with respect to laumontite and quartz and slightly undersaturated with respect to calcite.
Chemical compositions determined by electron microprobe analyses of selected large crystals partly coating a fracture in a gneiss block are given in Table 3 . Analyses of the core and rim of a single crystal suggest Figure 3 . Scanning electron micrographs of minerals composing precipitates from Hot Springs Creek at Sespe Hot Springs, California. Euhedral laumontite crystallites (A) and skeletal laumontite in a growth mode (B), both from a coating of a fracture in a cobble of gneiss. Figure C shows laumontite prisms (1) intergrown with stubby, twinned gypsum (g) and thenardite coating the exterior of one cobble of gneiss. Figures D, E , and F show associations of laumontite (1) with newlyformed quartz (q), a gypsum microlite (g), and potassium feldspar (k), respectively. that the rim may contain more K and Na but less Ca than the core. The more calcic core presumably represents the older and more stable laumontite and suggests the existence of a chemical potential gradient within the crystal. Compositions are also given in Table   3 for a burial-metamorphic laumontite and a near-surface and a deeper geothermal laumontite (Coombs, 1952; Seki et al., 1969, Table 4c ; Petrova, 1970, Table  4 ). The highest contents of both Na20 and K20 occur in the metamorphic laumontite. (Seki et al., 1969 , Table 4 and Figure 4) .
4 Paratunka geothermal area borehole GK-I, vein at 1164 m (Petrova, 1970 , Table 4 ). 5 Approximate compositions of siliceous gels from Lake Sumner (a) and Cow Stream (b) hot springs, New Zealand (after Barnes et al., 1978, Table 4 ).
e Composition (after subtraction of iron and normalization to 100%) of siliceous gel containing microcrystalline laumontite and "adularia" (Lebedev and Gorokhova, 1968, Table 1 ).
Isotopic analyses of water from Sespe Hot Springs indicate that water-rock reaction was substantial and water dominated. The delta deuterium composition is -81%o, and the 80 ~8 composition is -9.5%0, both referred to SMOW. Local meteoric water composition lies on the line defined by 8D = 880 TM + 10 (Craig, 1953) . The 30 TM composition expected on the basis of the deuterium composition is -11.38%o, contrasted with the -9.5%0 actually found. The -2%0 difference results from isotopic exchange between water and rock. The excess of O Is in the oxygen of the hotspring water is comparable to shifts observed in some other geothermal waters (Panichi and Gonfiantini, 1978, Figure 1 ; White et al., 1973, Figure 1 ), indicating derivation from isotopically heavy silicates of plutonic or deep metamorphic origin.
DISCUSSION
Many thick geosynclinal sedimentary sequences have undergone partial low-grade regional burial alteration or "metamorphism" (Kossovskaya and Shutov, 1958; Zen, 1974; Zen and Thompson, 1974) , some of them in the zeolite facies (of Coombs et al., 1959; Coombs, 1960; Coombs, 1971; Boles and Coombs, 1977; Ghent, 1979) . Laumontite (with quartz), an index mineral to the zeolite facies, commonly occurs in plagioclase-rich arkose and volcanogenic sandstones as pore-filling cement or partial replacement of detrital plagioclase grains, lithic volcanic grains, biotite, and hornblende and as fracture linings or veinlets. Laumontite occurs in suitable host rocks in many late Mesozoic and Tertiary sedimentary basins of both the Pacific margin (Hoare et al., 1964; McCulioh and Stewart, 1979) , and other tectonically active or volcanic regions (Otalara, 1964; Stalder, 1979) . It is a distinctive indicator of changes produced in mineralogically immature clastic rocks that have been buried and heated in the presence of abundant dilute pore waters at above average geothermal gradients. Subsurface occurrences suggest that laumontite crystallization is controlled by both temperature and fluid pressure and is limited by both pore-fluid and host-rock compositions, and they suggest that crystallization can occur at all depths from near the surface to greater than 7 km. Locally steep alteration fronts are definable at intermediate depths and mappable where control is sufficient Figures 2 and 7) .
Laumontite is present in the western Transverse Ranges in some Paleogene strata. Its presence has been previously noted (Madsen and Murata, 1970; Helmold, 1979) but with few supporting details. Evidence for laumontite alteration was sought but not found in rocks younger than early Miocene anywhere within the extremely thick Neogene fill of the Ventura basin south of the Topatopa Mountains (American Association of Petroleum Geologists, 1956; Nagle and Parker, 1971 , Figure 12 ), even in samples from wells as deep as 5.7 km. The presently very low geothermal gradients prevalent throughout the eastern part of the sedimentary basin, including the uplifted and eroded parts in the Topatopa Mountains, are too low to permit such regional alteration. Important middle Tertiary changes in regional thermal regime are implied.
Outcrops of Eocene arkosic sandstones near Sespe Hot Springs are composed mostly of quartz, plagioclase, and potassium feldspar with relatively minor amounts of biotite, muscovite, and chlorite. Some feldspar grains are sericitized, and carbonate is present both as replacements and pore fillings. Volcanic detritus is scarce and consists mostly of well-rounded resistant porphyry clasts. Tuffaceous detritus is volumetrically so unimportant that it cannot play a significant role in the origin of the hot springs solutes. Thus laumontite is not necessarily an alteration product of volcanogenic sediments as has been suggested for some other occurrences. No laumontite has been found in surface or subsurface Eocene rocks north of the Pine Mountain fault.
The temperature of the water from which laumontite is crystallizing is 89~ to 43~ Most of the precipitates, including laumontite, occur above water level in or on stones in contact with water. Evaporative concentration aided by capillary-solution transport evidently plays an important role in the crystallization process.
The high temperature of the water issuing from Sespe Hot Springs is difficult to explain. Insufficient data are available to assess accurately the geothermal gradient in the area within a few kilometers of the springs. The nearest deep wells drilled in search of petroleum are located 16 to 26 km northwest, west, and south of the springs (Figure 1 and Table 4 ). In the absence of pertinent data closer to the springs, temperatures measured in these wells during well-logging operations were used to estimate the subsurface thermal conditions. Procedures outlined elsewhere (Bostick et al., 1978, pp. 74-75; McCulloh and Beyer, 1979) were used to calculate the corrections required to compensate for the cooling effect of drilling operations on subsurface temperatures. No attempt was made to correct for the quasi-static distortions produced by the extreme surface topography. Instead, the approximate geothermal gradients are plotted in Figure 4 relative to the surface elevation of each wellhead. The geothermal gradient in the Sespe Hot Springs region apparently is not unusually high. A gradient not higher than 0.032~ might characterize the region west of the hot springs between the surface and about -1220 m, and an even lower gradient of 0.025~ probably exists at greater depths. Both the chemical compositions and the isotopic compositions of hot-spring water (and gas) have been used to estimate the subsurface temperatures of source aquifers . Applying such estimation techniques to the Sespe Hot Springs water leads to a family of only slightly divergent results. An estimate of 132~ is based on the dissolved silica content, assuming subsurface equilibrium with quartz (Fournier and Rowe, 1966; Fournier, 1977 ). An estimate of 126~ results from calculations based on the "Na-K-Ca geothermometer" (Fournier and Truesdell, 1973, 1974) , assuming a value of Va for their "/3." Substantially higher and lower temperatures result from calculations based on other data and assumptions; for example, 110~ on the basis of the sulfate-water isotope geothermometer (Brook et al., 1979, Table 6, n. 61) .
Assuming that the geothermal gradient beneath and west of Sespe Hot Springs is as described in Figure 4 , the source of the 89~ water flowing from the largest spring would necessarily be 2065 m (or more) below the spring if heat was not lost from the water during its ascent. Under the same assumptions, a reservoir temperature of 112~ is permissible only if the water ascends from 2990 m (or more) and undergoes a corresponding heat loss and temperature drop. A reservoir temperature of 135~ is permissible only if the source is ~<3895 m below the springs. From these considerations alone, it is evident that the springs are fed by an unusual hot water system, and that the laumontite crystallizing at the springs is a highly localized occurrence.
Nothing is known directly about the nature of the rocks at depth beneath the springs, beyond the fact that the thermal water issues from fracture openings very close to the steeply dipping unconformity between the base of the Eocene ("Capay Stage" of Clark and Vokes, 1936) sequence and an extensive massif of plutonites and gneisses. The nearest outcrops of preEocene sedimentary rocks are less than 10 km southwest of Sespe Hot Springs and consist of about 1500 m of clastic Cretaceous and Paleocene strata whose base is unexposed (Rust, 1966) . However, these rocks are southwest of the Santa Ynez fault and probably were separated from the site of the springs by about 45 km prior to left-lateral strike-slip fault movements (McCulloh, 1981) . North of the Santa Ynez fault, the nearest pre-Eocene sedimentary rocks are uppermost Cretaceous and Paleocene strata penetrated in the bottom part of an abandoned prospect hole drilled to 2035 m by the Ohio Oil Co. about 31 km west of the springs (Table  4 and Vedder et al., 1973) . The full thickness of Cretaceous and possibly older strata beneath the bottom of this hole is not known, but as much as 3000 m has been estimated (Nagle and Parker, 1971 , Figure 4) , partly because 4600 m of these strata crop out 16 km farther west (47 km west of Sespe Hot Springs).
Hidden Cretaceous and (or) Paleocene strata may possibly abut the basement rocks beneath the Hot Springs across an old fault overlapped and concealed by the unconformable base of the middle Eocene strata. If so, their gravimetric expression is unimpressive (Hanna et al., 1974) . Regional paleogeographic reconstructions suggest that the thickness of any strata older than middle Eocene does not exceed 1000 m (Nagle and Parker, 1971) , an estimate that is in keeping with maximum-thickness estimates based on preliminary interpretations of aeromagnetic data.
All available evidence suggests that the thermal waters issuing from Sespe Hot Springs rise from reservoirs at depths of 3000-4000 m. Yet, the geologic and geophysical data suggest that less than 1000 m of sedimentary rocks vertically underlie the site of the springs. If the source of the water lies within the thicker mass of sedimentary rocks to the west, the fluid must rise very rapidly through a laterally very extended permeable conduit. If the source of the water is directly beneath the springs, a permeable zone of fracturing must extend to great depth within the basement rock massif southwest of the San Gabriel fault zone (Crowell, 1975 
CONCLUSIONS AND COMMENTARY
Everything about the crystallization of laumontite at Sespe Hot Springs is consistent with interpretations that were reached previously from studies of subsurface laumontite from deep wells drilled in actively subsiding Neogene sedimentary basins on the Pacific margin (McCulloh et al., 1978, Figure 6; McCulloh and Stewart, 1979) . Laumontite evidently can crystallize at any depth between the surface and 6700 m wherever the appropriate combination of temperature, fluid pres- sure, and composition are met and mineralogically immature, permeable, and porous rocks have interacted sufficiently with interstitial water having exceptionally low pCO2. A particular occurrence of laumontite thus has no distinguishing depth significance and is not interpretable in terms of temperature or pressure of crystallization unless information is independently available concerning some associated depth-dependent factor. Figure 5 shows the temperature range through which laumontite is known to crystallize at Sespe Hot Springs plotted in relation to the temperature-fluid pressure field of subsurface laumontite crystallization as established by McCulloh and Stewart (1979) . Laumontite can crystallize directly from solutions of appropriate composition. Derivation from some precursor zeolite mineral, such as stilbite or heulandite, is not required. The concept of a depth zonation of zeolitic minerals in burial diagenesis (Miyashiro and Shido, 1970) is, therefore, not necessarily valid with respect to the mineral laumontite. However, where other zeolites, such as clinoptilolite, heulandite, and stilbite, are present in a burial succession, they are prime candidates for replacement or reaction to form laumontite providing the conditions required for crystallization of the calcium zeolite are otherwise met.
The data from Sespe Hot Springs provide a guide for the design of hydrothermal experiments aimed toward the laboratory synthesis of laumontite and the experimental verification of the multiple controls on its crystallization (temperature, fluid pressure, fluid composition, pCOz) that seem evident from subsurface observations. Far from being sluggish, the reactions involved in the crystallization of laumontite appear to occur rapidly and with great facility where all of the demands of the mineral are met.
The petrogenetic grid portraying the low-temperature, low-pressure field of burial diagenesis and deepburial metamorphism is now in need of important revisions. The laumontite subfacies of the zeolite metamorphic facies (Coombs, 1971; Boles and Coombs, 1977) gains new meaning through the findings at Sespe Hot Springs in combination with those from deep Neogene basins. The boundary of the T-Pf field of apparently stable crystallization of laumontite with quartz ( Figure 5 ) obliquely transects the petrogenetic grid in such a way that it carries a potential for use as a lowtemperature geothermometer-geobarometer for quantitative evaluation of other low-temperature diagenetic phases and reactions, most of which seemingly proceed at slower rates.
